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REACTIONS ran LIGHT NUCLEI 


ON THE EXCITED STATES OP He^ 


G.F, BOGDANOV, N. A. VLASOV, S.P. KALININ, 
B.V. RYBAKOV, L. N. SAMOYLOV, V. A. SIDOROV 


Experimental data concerning the excited states of He'^ are considered. The 
T(p*n)He® excitation function and neutron angular distributions have been measured 
from the threshold up to 12 Mev. The excitation function and the energy dependence 
of the angular distributions have a, resonant character due to the 22 Mev excited 
state of He^. Neutron spectra at several angles and a proton spectrum at 30® of the 
(T+d) and (He®+d) reactions have been measured by the time-of-flight method at 
18 Mev deuteron energy. The comparison of the T+d and He®+d spectra and cross sec- 
tions confirms the existence of the excited state in He'^ and points to the absence 
of similar states in Li'* and H*. Due to this fact the isotopic spin of the He* exci- 
ted state is believed to be TO. 


MEASUREMENT OP THE ENERGY DEPENDENCE OP THE REACTIONS 
He3(n,p); Li®(n,a); B^°(n,a) and N^*(n,p) 

A. A. BERGMAN, A. I. ISAKOV, YU. P. POPOV, 
F.L. SHAPIRO 


A lead slowing down time neutron spectrometer was used to compare the energy 
dependence of the cross sections of the (n,a) eind (n,p) reactions for energies up 
to 25 kev. The results of the measurements are compared with predictions that can be 
made on basis of data pertaining to the nuclear levels of Li’’, B** and N*® which are 
the nearest to the neutron binding energy. It is concluded that for E < 25 kev the 
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oross section for the a) reaction does not depart, from the 1/v law by more than 

6 - 10^. For the Li®(n,a) cross section the departure from l/v is even less^ The ratio 
for the lf^^(n,p) cross section to that for Li®(n, a) is constant to within 3% up to 
kev; at higher energies it begins to increase. The increase is of the order of I0?t 
at E“25 kev. The cross section ratios He®(n,p)/Li®(n,a) and He®(n,p)/B^®(n, a) decrease 
with increasing energy, the magnitude of the dip exceeding at E-25 kev. This sig- 
nifies that the He®(n,p) cross section decreases with the energy considerably more 
rapidly than the l/v law predicts. The energy dependence of the He®(n,p) reaction up 
to energies ~1 Mev can be satisfactorily described if an excited level with an angular 
momentum 0* is assumed to exist in the He^ nucleus. 

Analysis of variation of the B^°(n,a) cross section indicates the existence of a 
level in B^^ which possesses an angular momentum 5/2* or 7/2*, an energy E3~250 kev 
and widths P^''«400 kev, rn~200 kev. 

Li’'(p,t) Li® REACTION 

N. A. VLASOV, A.A.OGLOBLIS 

The triton spectra of Li(p,t) reaction at several angles have been obtained with 
12 Mev protons. The group of tritons corresponding to the ground state of Li® has 
been observed in all spectra. In the small angle region a peak has been observed on 
the continuous background due presumably to the Li’'(p,p)Li^*— ‘He^ + t reaction, at 
the energy corresponding to the expected group of tritons associated with the exci- 
ted state of Li® The angular distribution of the main group of tritons shows that 
the Li^(p,t)He® reaction proceeds essentially without formation of compound state. 

The total oross section of tritium production has been measured as a function of pro- 
ton energy. It amounts to 250 mb at Ep - 8 Mev and remains approximately constant 
with further increase of energy. 

SPECTRA OP NEUTRONS AND PROTONS PROM He^ + d REACTION AND 
ENERGT LEVELS OP Li® AND He® 

S.P.ARTSMOV, Cf.F. BOGDANOV, N.A.Vt/^V, 

S.P. KALININ, B.V.BIBAKOV, V.i.SIDdROV 


The energy spectra of neutrons and protons from the bombardment of He^ IB Mev 
deuterons have been measured. Neutron spectra were studied by the time-of-flight 
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iDsthod and proton spectra by the time-of-fii^t method as well as by the nuclear 
emulsion technique. Energy groups .corresponding to the ground states of Li^ and He® 
as well as continuous spectra due to, the deuteron breakup have been observed. The' 
shape of the spectra is discussed in connection with the problem of the existence 
of Li® and He® excited states at 2 - 3 Mev, on which there is no agreement in the 
literature. 

I 

ENERGY LEVELS OP Li® AND He® 

E. A. ALBIfZKAIA, E. I. EASPUSHKINA, lU.L. SOKOLOV, 
M.M.SULKOVSKAYA. 

The interaction of fast deuterons (up tol7. 5Mev) and neutrons (14 Mev) with Li® 
and Li’’ nuclei has been studied using lithium impregnated nuclear emulsions. The adop- 
ted experimeptal method permitted the identification of reactions resulting in the 
emission of several particles. These reactions were shown to involve the formation 
of the following Li® levels: 

Ej = 2.2 Mev (T - 0) E| = 4.5 Mev (T = 0) E§ = 5,2 Mev (T = l) 

E* = 6 7 Mev (T » 0) Eg = 6.7 Mev (T - 1) E| = 7,5 Mev (T = 0) 

4 

- 8.3 Mev (T - 0)* Eg - 9.3 Mev (T =0) Eg = ^q.O Mev (T = 0) 

BJo^O.7 Mev (T ^ 0) EJi^l,7 Mev (T = 0)(?) 

Both channels of the reaction 



a ♦ d 


were investigated, one of them involving the formation of He®. The formation of a 
He® nucleus in the ground state with E ~1 Mev with respect to o ♦ n has been observed. 
The possible existence of an excited state of He® is discussed. . 


^According to some indications this level seems to have isotopic spin T = 1. 
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(p,n) REACTION ON LITHIUM AND THE (M)UND STATE OP Be®. 


G.F. BOGDANOV, A. VLASOV, S.P.K ALIBIS, 
B. V. RYBAKOV, V. A. SIDOROV 


The neutron spectra of(Li®^ + p) and /Li^ + p) reactions have been studied by the 
time-of-flight method with 9 Mev protons. Groups of neutrons resulting from the 
(p,n) reaction due to the ground state of Be® and to the three lower levels of Be^ 
have been. observed, as well as a continuous distribution of low energy neutrons re- 
sulting from many-particle reactions. The observation of a neutron group from the 
.Li®(p,n)Be® reaction is the first experimental evidence of the existence of Be®. The 
energy of the Li®(p,n)Be® reaction is 5.2 Mev and the width of the ground state is 
no more than 0.3 Mev. The differential cross sections have been measured for the ang- 
les of 0,15,30,60 and 120®. 


ON THE RADIUS OP THE ALPHA PARTICLE 

I.LEVISTOV 


The potential parameters of the a particle are estimated eind compared on the ba- 
sis of cross section and polarization data for protons scattered at low 10 Mev^ 
ana high (% 315 Mev) energies. 

The a particle potential is chosen in the foinn 

* ’a 1 If (L5 

where p(r) is a function resembling nucleon density distribution; Vj, Vg are read 
’ h'k low energies and complex at high energies. The potential is real at low energies 
due to tne fact that the a particle is an especially compact system. 

The reliability of the experimental data together with the specific properties 
of the a partiole connected with its zero spin, small radius and high binding energy 
makes possible unambiguous analysis with sufficient accuracy. 
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The following potential parameters were obtained for the p - He^ interaction: 


Method 

Shape of 
distribution 

Fq • 10^^ cm 

m 

|Z2| •lO^^'cm^ 
^1 

p - He^ phase 
shifts 

1-10 Mev 

exp(-fi) 

2.3 

47 

3.3 

p - He^ cross 
section and pola- 
rization, 315 Mev 


1.8 

24 

3.3 

Scattering of 

185 Mev electrons 

Uniform 

1.6 


- 


It is especially interesting to note that the interaction radius r^, decreases by 
30% when the proton energy rises to 300 Mev. The pronounced decrease in the p-fle^ ra- 
dius observed already at p c: 0.7 is a reflection of a general property of nuclear for- 
ces and is apparently related to the "delay" effects which should be inherent in the 
short range exchange forces. 


INTERACTION OP LOW ENEROT DEUTERONS WITH DEUTERIUM 
AND TRITIUM 

YV.G.BALASEKO, 'l.YA.BASIT 

The scattering of low energy deuterons by deuterium and tritium and the D-T 
reaction at low. energies of the bombarding particles have been studied. The flux of 
the bombarding particles in the scattering measurements has been determined from the 
yield of the nuclear reaction accompanying the scattering using previously obtained 
values of cross sections for the reaction. In order to eliminate foreign pulses 
(background. Battering on admixtures, etc. ) , coincidences between the scattered 
particles and recoil nucleus have been measured. The scattered particles were recor- 
ded with proportional counters which were not separated from the gaseous target by a 
window and lAioh together witii the target were filled to a pressure of 2 - 5 mm Hg. 

D-D scattering has been measured at am suigle e - S6.5" in the 100 to 600 kev energy 
range (laboratory sjatea). IDie ratios of the measured effective scattering cross sec-^ 
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Ed, kev 




262 


350 


470' 

532 


d/ok 


1.06± 

±0.13 

1.12± 

±0.08 

1. 29± 
±0.10 

1. 38± 
±0.12 

l.’35± 
±0. 11 

1.76± 

±0.13 

1.85± 

±0. 15 

2.10± 

±0.16 

2.60± 

±0.18 


Analysis of the results of the measurements makes possible the estimation of the 
phase shift in the state. The effective scattering cross section can be described 
as a purely potential one. 

D-T scattering has been measured at an angle of 90® in the c. m. s. and in the tri- 
ton energy range from 100 to 700 kev. The results are listed in the table in the same 
units as those pertaining to D-D scattering: 


N 

Ej, 

kev 

at 

<^K 

I 

72 

± 

2 

0.64 

± 

0.08 

2 

90 

± 

2 

0.62 

± 

0.06 

3 

' 102 

± 

2 

0.54 

± 

0.05 

4 

133 

± 

2 

0. 55 

± 

0.04 

5 

163 

± 

2 

0.63 

± 

0.04 

6 

187 

± 

2 

0.77 

± 

0.05 

7 

220 

± 

5 

1. 12 

± 

0.07 

8 

246 


3 

1. 35 

± 

0.08 

9 

300 

± 

4 

1.82 

± 

0.10 

10 

362 

t 

5 

2.50 

± 

0.17 

11 

418 

1 

6 

3.20 

± 

0.18 

12 

472 

± 

5 

3.60 

± 

0.22 

13 

655 

1 

7 

4.81 

± 

0.31 


Measurements of the effective cross section for the D-T reaction were carried out 
by Katsaurov et al. means of a differentially pumped gas target and a thin zir- 
conium target. Use of a differentially pumped target permits an accurate determina- 
tion of the magnitude of the cross section in the vicinity of its maximum. The mea- 
surements yielded a value of 107 ± 1 kev for the peak deuteron energy and 
(5.22 ± 0.1)10"*^* for the effective cross section. The excited level in He® should 
also affect the scattering cross section. The. latter was calculated for reso- 
nance parameters determined by analyzing the reaction taking into account potenti- 
al scattering. The experimental scattering cross section values are close to those 
obtained from the computed curves but lower by some 10 - 20#. A study of D-T scat- 
tering along with the D-T reaction makes possible a better check of the applicabi- 
lity of the resonance theory to the lightest nuclei and presumably also a more 
precise determination of the resonance parameters of the He® level. 
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MBASURMEJITS OP CROSS SECTIONS OP THE B^®(p,y) B^®((i,n) 

REACTIONS 

A. K. WALTER, A.S.DE7SEK0, A.IA.TARAN07 

The absolute cross sections of the y) suid B^®(d,n) reactions have been mea- 

sured in the low-energy region of bombarding particles produced hy the electrostatic 
accelerator. 

The method of absolute cross section measurements of the above reactions consisted 
in the accumulation of the rjwiioactive nuclei in the bombarded target with a sub- 
sequent measuronent of their radioactive decay. The positron activity was detected 
using a tube-electrometer of peculieu: construction, a ring-type multi -filament coun- 
ter and an endr-window counter. 

The reaction cross sections were measured at different energies of the bombarding 
particles: 

for B^°(p, y) - in the 325 - 1500 kev range, 
for B^O(d,n) - in the 100 - 400 kev range. 

The following values of the cross sections have been obtained at low energies of 

the bombarding particles: 

o(p,y) • 5.10-31 cm3 by Ep - 350 kev, 
o{d,n) » 8. 10“3® cm® by = 95 kev. 


SLOW NEUTRONS SCATTERING BT ORTHO - AND 
PARA-TRITIOM 

7.Z.E0LGAE07, A.V.LEBEDE7, S.YA.EIKITIS, 
7.T.SM0LIABKIS, A.P.S0K0L07, D.B.DIATROPT07 


The scattering cross sections of ortho-and para-tritium for slow neutrons have been 
determined by the transmission method. The measurements have been performed with an apparar* 
tus previously used for hydrogen and deuterium investigations. A method of production 
and of analysis of big quantities of ortho-and para-tritium in gas form has bear deve- 
loped. Palladium metal was used as a catalyst in ortho-and para-conversion. Special 
precautions for working with such high gas activities (20.000 curie) have been dever | 

loped. I 

Two gas mixtures have been used to fill the scattering Chamber: j 

a) 78)( ortho-and para-tritium 

b) SBK ortho-and 65)( parantritium. 


■s 
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'llie first mixture is at equilibrium at room temperature, the second at liquid hyd- 
rogen temperature. 

The gas has been carefully purified since the presence of even a small admixture 
of (decay product of tritium) is very undesirable. Owing to its very large neutron 
cross section (3. 10^ bams) such an admixture ceui introduce considerable incertainties. 
Six runs have been made (three with each mixture). 

The results are: 

® ortho-tritium " * 1-0 barns 

^ para- tritium ” bams. 


INTERPRETATION OP TRANSITION PROBABILITIES 
FOR REACTIONS IN LICUT NOaEI 


B.H. FLOWERS 

Using the intermediate coupling methods of the shell model one can calculate 
transition probabilities for several kinds of nuclear reaction. Results will be pre- 
sented for reduced widths of some (n,y) and (d,p) stripping reactions in isotopes of 
Li, C, N, and 0, for the p-decay of LiS, and O^®, and for some branching 

ratios and lifetimes of y-ray emitting levels. Particular attention is given to the 
enhancement of electric quadrupole transitions due to collective vibrations of the 
oore. 


* i I 
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SOURCES OP POLARIZED PARTICLES 

B.P.ADYASEVICH, S.T. BELYAEV, YB.P.POLE- 
EIE. E.E.ZAVOYSKY 

The study of spin dependence of nuclear forces is of great importance. Experi- 
ments on polarization effects occurring in nuclear reactions require double and 
sometimes triple scattering which presents great experimental difficulties. 

Modern types of accelerators make it possible to accelerate beams of polarized 
particles without practically any depolarization of these particles in the process 
of acceleration. 

The construction of sources of polarized particles may be based on the followin, 
principles: 

a) the use of nuclear scattering; 

b) the polarization of atoms through electronic spin; 

o) the use of metastable states %i/2. 

The report discusses intensities which may be achieved with sources of this typt 
as well as several source designs. 

POLARIZATION OP PROTONS SCATTERED BY 0^®. SPIN AND 
PARITY OP THE 3. 11 Mev LEVEL OP THE P^’’ NUCLEUS 

P.V.SOROilN, A.K.EALTER, B.7.GAVRIL0VSKT, 
K.V.EARADJEV, V.I.MAEKO, A.Y.TARAEOV 

The study of polarization produced in the elastic scattering of protons in the 
2. 6-2, 8 Mev range by 0^* has been undertaken with the aim of determining the momeat 
and parity of the 3.11 Mev state of the P^’' nucleus. 

The degree of polarization of the proton beam after scattering by oxygen nuclei 
was determined from the asymmetry in the elastic scattering-by He^. It was shown 
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that the 3,11 Ifev state of the P^’’ nucleus corresponds to spin 1/2 and negatiire 

parity. v le ». 

Calculations of the polarization in the Mastic scattering of protons by 0 have 

been performed for the energy range up to 5 Mev. It was shown that polarization 
measureoents at energies exceeding 3 Mev are of considerable interest for the iden- 
tification of the P^’' nucleus levels. 

SMALL-AHGtE SCATTiKIHG OP D-D NEUTRONS BY Rb 

G. 7. GORLOV, S.S, LEBEDEVA. W.M.MOROSOV 

The asymmetry of neutron scattering by Pb and Be at 2® - 4® was investigated.c 
3.65 Mev D-D neutrons, emitted at 45® with respect to the incident deutron beam 
1 Mev), were studied. By means of a wedge collimator and a target, imitating 
a line soutoe a sharply defined neutron beam with angular divergence of 1® was obtain- 
ecL 

Scattered neutrons were detected with a stylbene scintillation counter; 

A strong background, consisting for the most part of irray counts, presented the 
Min experimental difficulty. A massive lead shielding surrounded with paraffin- 
borax blocks was used. Nevertheless, the backgrouna Miounted to % 50% olf the total 
counting rate. 

The azimuthal asymmetry of neutron scattering in the D^D plane was observed, from 
which the lower limit of neutron polarization at E^ = 1 Mev was evaluated to be 
(16 ± 8)%. 


THE POLARIZATION OP r-RADIATlON PROM THE Si®® (p, y) REACTION 


P.M.TnTAKIE, S.P.TZYTC0, V.J. GONCHAR, 

A. E. WALTER. A.N.LW07 ^ 

I 

The polarization 6f high -energy r-rays from the Si ®° (Pr y) P®^ reaction at prb^ 

ton energies Ep = 773; 939 and 979.5 kev was measured. 

(H'O protons accelerated in the electrostatic accelerator and thin targets 
(16 “ 20 mg/on*) of the magnetio-separated isotope Si®® were used. Y“rays emitted^ at 
90® to the proton beam. were detected using nuclear. emulsions impregnated with heavy 
water. 
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The azimuthal angular distributions of the photo-proton tracks are given by the 
expression W ( 9 ) = 1 + (R - 1) cos2<p, where R is the ratio of the intensity of irra- 
diation polarized in the plane of the incident proton and the emitted r-ray, to the 
intensity of irradiation polarized at right angle to this plane. 

For electric dipole radiation Rgi = and for magnetic dipole radiation 

- JL±£ , where a is the coefficient at cos^^ in the angular distribution of the 
■1 1 -a 

y-radiation. 

The obtained values of R made possible the determination of the type of irradia- 
tion, and hence of the parity of the highly excited states of the nucleus. 


kev 

a 


Rm 

R 

Type of 
Y^radla- 
tlon 

Energy levels 
of the excited 
P®^ nucleus 

Spin 

and 

parity 

773 

- 0.5 

m 

0.4 

3.8 

E 1 ' 

8.04 

3 / 2 " 

939 

IBBI 

4.0 

0.3 

0.5 

U 1 

8.20 

3/2 

979.6 

1^1 

3.0 

0.4 

2.9 

El 

8.24 

3 / 2 " 


POLARIZATION EFFECTS IN LIGHT NUCLEI REACTIONS 

y.A.SMORODimr, a.i.baz 

In principle the problem of construction of a wave function of some nuclear system 
may he divided Into two parts: first, determination (from experimental data) of boun- 
dary conditions at a nuclear surface and, second, construction (from the boundary 
conditions) Sf the complete wave function of the system. We shall consider only the 
first part of the problem. 

Detailed analysis, carried out for two particles with spin 1/2 shows that: 

1) In the case of pure elastic scattering, in order to determine the values of the 
wave function and its derivative at the nuclear surface, one has to examine not only 
the differential cross section of scattering but also the polarization and the opm^ 
lation of polarizations of both particles, i 
with oi», two and three scatterings; 

- 11 - 
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2) in the case where some inelastic channels are open, the analysis of the elastic 
scattering alone cannot give enough information to determine the boundary values. 

One has to make joint analysis of the experimental data on the elastic wd inelastic 
processes. The total number of experiments one has to make depends on the properties 
of the syst^. For example, this number is strongly reduced if charge invariance of 
nuclear forces is assumed. 

These results may be generalized for higher spins. 

MEASUREMENT OP POLARIZATION OP NEUTRONS PROM THE D + T REACTION 

AT Ed = 1800 kev 

J,J»LE7nT07, A.V.MILLEH, 7,f.8EAMSHE7 

Polarization was measured at neutron emission angles of 46®; 67 5®; 90®; 112. 5® 
135® (c.m. 8.) by observing the azimuthal asymmetry of neutrons scattered by helium 
in thin directional proportional counters. (A detailed description of the analyzer 
is presented in Zhur. Etep Teor. Piz. 32, 274 (1957) and Nuclear Physics 3, 221,1957) 
Ten^elum targets of 30 k^ thickness saturated with tritium were used. The angle 
of rotation of the counters was 22®. Efficiency of the analyzer was 0.8 - 0.9. The 
following preliminary results were obtained: 


Angle 

45® 

67.5® 

90® 

112.5® 

135® 

Neutron pola-' 
rization,)^ 

. 7-±3 

.12 ±6 

10 ±3 

2±3 

0.0*5 


MEASUREMENT OP POLARIZATION OP PROTONS PROM THE 

P + D REACTION ^ .. 

. I.E.TEREMISA, J»J.LE7nT07, A.S.MALTSHKO,_ 

■ 7.G.EnOLSU 

•'A* , 

A thin zirconium target saturated with deuterium was bombarded with a deuteron 
bean of 1800 kev energy. 

Protons emitted from the target at an angle of 110* in the laboratory system enter* 
ed an end wli^ow counter filled with helium. Protons which were scattered in helium 
at angles of 75-105® were detected by means of cylindrical proportional counters 
filled with argon.. 

-rt2-. 
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7he pulses from the helium and argon counters were fed to coincidence circuits. 
Proton polarization was determined from the scattering asymmetry of the protons in 
helium. In order to exclude any possible effect due to as 3 nnmetry in the analyzer 
geometry the whole arrangement was periodically revolved 180” about the axis of the 
end window counter. An analyzer of this type permits the study of proton polariza- 
tion in presence of a large neutron barkground. 

The measured polaurization for = 1800 kev was 13?t ± 

The Brinkleworth-Rose polarization parameters were employed in the calculations 
of p - » scattering. 

INVESTIGATION OP POLARIZATION OP PROTONS 
ELASTICALLY SCATTERED PROM C^^ 

A.K.ffALTEB, P.W.SOROKIS, A.JA.TARASOV 

The polarization of protons elastically scattered by C^^ nuclei has been invest! 
gated in the 1.7-2, 5 Mev range of bombarding energies in the laboratory system at 
30®, 40®, 60® and 90® scattering angles in the c.m. system. 

The polarization was determined from data on the azimuthal asymmetry of protons 
after secondary scattering in helium gas. 

Obtained values were compared with values calculated on the basis of the phase- 
shift analysis for protons scattered by 

Experimental and calculated values agree to within the accuracy of the experi- 
ments. 


RECENT POLARIZATION EXPERIMENTS ON THE 
HARWELL CyCLOTRON 

B.H. FLOWERS 

The depolarisation of polarised 140 MeV protons in pp collisions has been measu- 
red by the Harwell cyclotron group as a function of scattering angle. The results 
are in good agr^ment with the Marshak potential, but not with the Gammel— Thckler 
potential. 
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NEOTRON REACTIONS 


INTERACTIONS OP SLOW NEUTRONS WITH NUCLEI 


V.r.VLADIMIRSKY, A. A. PANOV, I.A.RADEBVICH 
AND 7. 7. SOKOLOVSKY 


The report presents slow neutron 


are compared with the different nuclear models. 


resonance parameter data. The eiqierimental data 


CHARACTERISTICS OP A LEAD SLOWING DOWN TIME SPECTROMETER 
AND MEASUREMENT OP CROSS SECTIONS POR THE (n, y) REACTION 

A.A.BENONAN, a, I. ISAKOV, YU. P. POPOV AND 

p.l.shapibo 


tiof J t ^ scintillation counter with a controlled multiplier for registra- 

llTbS. ^ Z ^ ^ ^ channel width it 

has been possible to investigate in the hundred-thousand ev energy range the charac- 
teristics of the Slowing down time spectrometer. Measurements of the ener^de^ 

® sections for substances with widely spaced levSs 

M. a Ha. Pe. HI, C«. 81 , P8, Mn. Hc) «r. parfon»i .Uh datamia- 

tit df power, and the dependence of the mean neutron energy on the slow- 

laoL^m the measurements are presented and discussed. Levels at 

of^le^l It'iferi m ^ * 200 ev in Pb were detected; the existence 

^ In !! r ^ - IS confinned. The 405 ev level is manifest in the (n^y) 

nreaentPH < value, which appreciably differs from those 

SnrmifrTV'^’r' obtained, for the negative level in chlorine. Ihe 

th tio Pp/r^ for the negative level is much smaller than that for the 405 ev leveL 
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FAST NEDTRON CAPTURE CROSS SECTIONS IH THE REGION OP 
"MAGIC" NUCLEI 

W.f.GOFMAB, M.V.PAS^BIE 



The monoenergetic neutron capture cross sections have been measured at the ener- 
gies 2. 5, 3. 1 and 4. 0 Hev using the activation method. The capture cross sections of 
1 137 jjggjj ygg^ gg standart cross sections. They are equal to 61, 44 and 37 mb 
at 2.5, 3.1 and 4.0 Mev respectively. The obtained results are coiqpared with <^ta of 
other authors and presented as a function of energy and mass number (Table 1). 


Table 1 

Capture cross sections in mb 


■ 

Nucleus 

Half-life 

2.5 Mev 


4''Mev 

1. 

rpj^BO 

5.79 min 

0.82 

0.73 

.“•'i 

2. 

Cu®5 

5.1 " 

4. 2 ± 0.32 

3.9 ± 0.31. 

3* 5 1 0* 3 

i. 

Ga®® 

20.3 " 

13 ±1.5 

12.3 ± 1.8 

12 ± 1.3 

4. 

Ge’’4 

82 " 

10 ±0.7 

7.5 ± 0.6 

6 ± 0. 5 

5. 

Rb®^ 

17.7 " 

1.5 ±0.4 

1.4 ± 0.3 

1.1 ± 0.2 

6. 

MqIOO 

14.6 " 

6. 3 ± 1. 2 

5.6 ±1.0 

4.5 ± 0.7 

7. 

pjjioa • 

44 sec 

54.7 ±4.5 

43.5 ± 3.2 

34;6 ± 2.7 

8. 

Rhio®.. 

4.7 min 

9.8 ± 1.9 

8.9 ± 1.4 

7.7 ± 1.1 

9. 

Pdiio 

22 " 

22.1 ± 2. 0 

20 ± 1.8 

16.2 ± 1.6. 

10. 


40 " 

7.5 

6.5 

5.7. 

U. 



12.4 ± 3.3 

10.1 ± 3.0 

7.2 ± 2.1 

12. 

Balsa 

85 min 

1.1 ±0.5 

1.0 ±0.4 

0.74± 0.3 

13. 

Pri.41 

19.1 h 

8.6 ±0.4 

7.1 ± 0.3 

6. 3 ± 0. 2 

14. 

jiae 

24 " 

30 

.24 

19 

16. 

. ^805 

4.2 min 

5. 2 ± 0. 3 

5.07 ±0.2 

5.1 ±0.2 
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3SJALL. ANCLE SCATTERING OP PAST NEUTRONS BIT HEAVY NUCLEI 


lU.A.ALBIASDmV 

Nuclear forces make the main contribution to neutron cross-section scattering. 
Moreover, a number of su^lementary effects due to electromagnetic interactions of 
neutrons with nuclei should be expected, in particular the interaction of magnetic 
and electric (induced and possibly intrinsic) neutron moments with the electric 
field of the nuclei. The contribution of above mentioned phenomena to the scattering 
cross-section will be the greatest for neutron scattering b7 heavy nuclei. It must 
manifest itself in the abnormal behaviour of the smeJ.! angle diffemtial cross sec- 
tion since electromagnetic forces act within a longer range than nuclear forces. 

The interaction of the ma^etic neutron moment with an electric nuclear field' has 
been theoretically investigated by Schwinger, Sample and Baz. For the purpose of ex- 
perimental detection of this phenomenon the angular distribution, of mean enei^ 
neutrons “vS - 4 Mev scattered by Pb and Cu in the angular. interval between 0.7® and 
8® has been investigated. In the region of angles 2® for PbCZ = 82) an increase in 
the cross section, characteristic of the scattering predicted by Schwinger has been 
observed. 

More accurate measurements of the angular distribution of neutrons scattered by 
U, Pb, Sn and Cu nuclei in the angular interval from 0.6® to lO® - 12® have been 
undertaken. For U and Pb the course of the cross section curve noticeably differs 
from the theoretical curve.. 

The problem of the existence of a neutron intrinsic electric dipole moment has 
been discussed in the literature at an earlier date as well as recently. It follows 
from Smith's experiments that the intrinsic neutron electric moment, if it exists 
at all, must be <5. lO'^ie O^. Evaluations show that the contribution to the cross 
section scatteiring due to the existence of a neutron electric mom^t of this order 
of magnitude is negligibly small.' 

In a etrong electric field the deformation of the meson cloud of the neutron may 
'give rise to an electric .moment. 

Preliminary theoreticed. investigations of this phenomenon were carried out 
Barashenkov and others. It follows from their works that the polarizability coeffi- 
cient At this value of a the effect may be noticed in small angle 

neutron scattering ly heavy nuclei. 

Heasur^ents of the angular neutron distribution of 2 Hdv mean energy scattered 
by Pu, U, Pb, Bi, Sn and Cu nuclei in the angular interval from. 3® to 25® have be«i 

jindertaken. For Pu and U a strong increase of the cross section regioiv of angles 11®. 
I ■ ° ■ 
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that cannot be ej^jlained by SWiwinger scattering has beai observed. This increase of 

the cross section may be tentatively attributed to the existence of neutron "polari- 
zabillty”, ^ 


INELASTIC SCATTERIHG OP NEUTRONS BT a>HEEICAL 
NOaEI 


A.M.KOSOLtOV 


The present paper deals with the inelastic scattering by spherical nuclei taking 
into account the collective excitation of the nuclear surface on the basis of 
^A. Bohr’s unified nuclear model. The intermediate states of the compound nuclei are 
neglected. Tamm^Jankov’s method is used and the nonstationarity of the process is 
taken into consideration on the basis of Heitler’s damping quantum th eory. 

The wave function of a system consisting of a neutron and a target nucleus is 
considered in the representation of the occupation number of excitation quanta of 
the nuclear surface (phonons) and is expanded in a series of the eigenfunctions of 
unperturbed problem. Substituting this ejqansion in Sdirodinger’s equation we obtain 
a system of infinite number of connected integral equations for different quantum 
state amplitudes in the p-representatlon. Cutting off the obtained equation system 
at amplitudes with the number of phonons n » 3 and taking into account that the col- 
lective interaction of a neutron with a nucleus takes place at the surface of the 
nuoleus we obtain the solution for the state amplitudes 


In the present case the obtained integral equation syst^ for the state amplitudes 
is solved ^th hi^ preoision without introducing any supposition about the interao- 
tlon oonsfant with nuolear surface. The obtained energy dependence of neutron inela- 
stio scattering cross seotion coincides with the well-known dispersion formula. It 
has maxima at resonance energies and is (diaracterized by the half-width T(E^). This 
means that quasistationary intannediate ‘states with finite lifetime may exist in the 
case of direct Interaction. Biey, however, differ essentially from the compound nuo- 
leus states. The angular distribution of neutrons due to direct interaction', idil-L 
fer from that of inelastioally scattered neutrons associated idth the formatibn^ Of 
oonpound nuoleus. . „ 

•» . ■ V ■ 
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DETERMINATION OF NUCLEAR MERGT LEVELS FROM INELASTIC 
SCATTERING OP PAST NEUTRONS 

I.F.BASCHUK, F.V.PASECHSIK, JV.A.TSYBULKO 


The energy levels of a target nucleus are excited due to the inelastic scattering 
of fast neutrons. The energy levels may be investigated by measuring the Y-ray spect- 
ra from de-excitatlon of the nuclei. . 

The present pa{>er reports on measurements of the y-ray spectra excited due to the 
TnrTiT^TlTr of 2.8 Mev neutrons from the reaction D(D,n)He® in Mg, Al, Pe, 

Cu, Sn and Sb. 'I'hr 'nH for the y-ray spectra measurements consisted 

of a Nal(Tl) scintillation oryara i ^ g-aaL-i q phnt/^ni t.i pi i ar ^ a conventional ampli- 
fier euid a 50-<diannel pulse height analyzer withamagnetic-Xecord^g mechanism. The 
spectrometer resolution was 6. 5 - 7# for 0o®° y-rays (1. 17 and iTsSTleV^r — — ^ _ 

The ring scattering geometry was used. 

The following data have been obtained for the energy of y-rays (in Mev): 


Mg: 

0.97; 

1.4L 

1.92; 

2.3 


Al: 

0.84; 

1.00 

1.80; 

2.16 


Pe: 

0.84; 

1.25 

1.46; 

1.70 


Cu: 

0.63; 

0.78 

0.96; 

1.12; 

1.38; 1.46; 1.72; 2.03 

Sn: 

0.84; 

1.16 

1. 50; 

1.80; 

2.16 

Sb: 

1.04; 

1.S0 

1.84; 

2.16. 



The relative intensities of y-rays have been evaluated for each element, indepen- 
dently. 

A gccd agreement between our data and data obtained by other authors has been 
obtained for Mg, Al, Pe and Cu. Apparently the spectrum of Sb y-rays has not been 
investigated before. 

SEARCH FOR NEW REACTIONS INDUCED EY PAST NEUTRONS 

»V 

m. A. GBITS, D.E.KHULBLIDZB, I.P.SELIB07, 
V.S.ZOLOTABEV 


Nuclear reactions induced by fast neUtrons on separated germanium isotopes were 
i investigated: 

a) Ge’'*(n, a)Zn8® 

b) Ge'^^Cn, p)Ga^® 
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c) Ge’’4(n, p)Ga’'4 

d) Ge^6(n, p)Ga^6 


e) Ge^8(n, 2n)Ge’'i. 

Radioactive isotopes obtained on separated selenium isotopes (Se^ and Se®^) 
a result of (n, o), (n, p) and (n, 2n) reactions were also examined. 

A table of possible nuclear reactions induced by fast neutrons is presented. 


as 
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DEUTERON REICTIONS 

V 



DIPFRACTICNAL DESINTEGRATIOMS OP DEUTERONS .AND THE 
STRIPPING REACTIONS 


A.I.AEEIEZEB, A.G.SITEMO. 

The^ interaction of deuterons with nuclei may be investigated by means of the 
optical model in the energy range of the order of several scores of Mev. Within 
this energy range the following processes due to the interaction between deuterons 
and nuclei are possible: absorption and scattering of the deuteron-, stripping of 
the neutron or the proton and diffractional disintegration of the deuteron. 

In the case of absolutely black nucleus a theory of the stripping reaction tak- 
ing into account the finite radius of the nucleus may be developed,*^ The integral 
cross section of the stripping reaction is then: 

°n ° ^ arc tg ~ 

P I C ^ 

where Po (R and R^ are the radii of the nucleus and of the deuteron). The energy 
distribution of the released particles (neutrons or protons) is determined by the 
expression: 

da (k^) o Ii'(k^)dk„, ^ ■ . 

VE^TiT 

P(kg) o /^k* (pi ♦ -^) (arc sin | ♦ | \/i - |®) |d| , 

idiere is the energy of the incident deuteron and M is the mass of the neutron., 
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JSE. OMLf 


Id the limiting case p » 1 these foitaula coincide with the result obtained by 
R. Serber. Due to the stripping reaction the absorption cross section of the deute- 
rons by black nuclei is found to be smaller than the geometrical cross section of. 
the nucleus and is determined b7 e^^ression: 


a = 2itR* f -2- arotg 
a o ^ P 






In the limiting case p » 1 this cross section is equal to wR® — 

2 


DSPEWDENCE OP THE Ca^°(d,p) Ca" REACTION 
CROSS-SECTION ON DEUTERON ENERGY 

V.G.NEUDACHIN, I.B.TEPL07 


All existing theoretical calculations of reaction stripping cross [section for 
deuteronsof low energies (0-20 Mev) are based on the perturbation theory, although 
it is well known that the perturbation theory is not applicable in this ran^. 

The calculated angular distributions are in good agreonent with the experimental re- 
sults. The form of the angular distributions seems, however, to show comparative- 
ly little sensitivity to any variants of theo^. The value of total cross section 
and its chan^ depending on the incident deuteron energy is much more sensitive. 
However, a comparison of the calculations on the perturbation theory with experi- 
mental data in this direction has never been attanped, although it would be of 
interest for the development of a more satisf^toiy theory of the stripping reac- 
tion to determine in what way the results of perturbation theory differ from ex- 
perimental data and bow great this difference is. 

The present paper reports experimental values of the total cross section of 
Ca*® (d,p)Ca**- leading to* the formation of a residual nucleus in the, ground state 
(the neutrons are captured, in this case, with 1=3). The obtained results are com- 
pared with different calculation variants according to the perturbation theory. 

The experimental data obtained for three values of deuteron energy (L 35,2. 16 and 
4.0 Uev)'’using nuclear emulsions are given in the second line. of the table. 

Theoretical calculations were performed, taking into account the Coulomb inter- 
action for different variants of deuteron- nucleus and proto-nucleus interactions 
(deuteron and proton scattering by a hard ^here adsorption of protons with 
1 < Ig, etc). Results of calculations for two cases are exemplified in the 

table: the Coulomb interaction only; the Coulomb interaction and deuteron and pro- 
ton scattering- by a hard. sphere. - . 
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Table 


Ed (Mev) 

L35 

ai6 

‘'.,p.("i>) 

0.D40 

2.2 

‘"theor. 

0.D18 

a 45 

("Coulomb") 



®theor. 

0.010 

0.16 

("Coulomb" + 

"hard sphere") 


The obtained results show that 

there is no 


40 

ai 

320 


- J . aglccuiCHl, UC tWeSn Me 

towretical and experimental excitation curves. Ihere is a significant dif'ference 
both in the order of the crosssection value and in the excitation curve shape. 


dipe»pt5nce op angular distributions in stripping reactions 

UPON “mE CHARGE OP THE TARGET NUCLEI. 

I. B. TEPLOV, B. A. YURYEV. 

The nuclear emulsion technique was used to obtain the angular distributions of 
proton groups arising in the following nuclear reactions P*^(d p)P®2i 
S (d,p)S , Cl (d,p)Cl , K ®(d,p)K^ and Ca*°(d,p)Ca**', as well as these of the 
proton group^ corresponding to the formation of Si®* in the first excited state 
from the Si ®(d,p)Si®® reaction. 4 Mev deuterons accelerated on a 72 co pyclotron 
of the Uosoow University were used. 

In the investigated reactions in Si*®, S*®, and Cl®® the neutron is cap- 
tured in the state i. e. with orbital moment 1=2. Therefore the angular 

distributions in the above reactions should be similar. However, the obtained an- 
gular distributions noticeably differ from one another. A sharply-marked seconder- 
ry peak almost equal in height to the main peak has been observed besides the main 
peak in the angular distribution of protons arising in the S®®(d,p)S®® reaction. 
For the silicium reaction a comparatively small height of the main peak as compa- 
red with the isotropic part of the angular distribution has been observed. The 
most r^sonable explanation of the observed differences is the assumption that the 

mechanism of fomatxon of the compound nucleus greatly affects the angular di- 
stributions. 

I» the K“(d,p)K“ „d thd Ce"(d,p)C.“ reactions the angular distributions 
ere alnost slidlhr. Since previously published. daU sho« that 1.3 In the calcium 
t^tlOT, It me, be oonoluded that in the case of potassium the neutron Is csptui- 
* * confirming Uie prediction Oa the shell model. However, it was 

impossible to determine the value of 1 ty direct comparison of the experimental ' 
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results with the an^l&r distributions csdcul&ted in accordance with the single 
stripping theory (Butler theory), owing to a significant shift, of the main maximum 
(approximately 30®) towards small angles. A similai although less noticeat^e maxi- 
mum shift (of a few degrees), occurs also in the first four reactions. It may be 
’"'•esumed that for 1 Mev deuterons the simple stripping theory could be applied in 
the range Z < 18 (at least for 1=2 and 1=3). 

Angular distribution was adso obtained for the Ca* (d,p) Ca* reaction with devh- 
teron energy of about 2.2 Mev. In this case the maximum of the differential 
cross section proved to be near 0®, which means a still further increase of the 

shift. 


STUDY OP INELASTIC SCATTERING OP DEUTERONS BY 
Li’', P^®. Na*’^, Mg®^ Al^" NUaEI. 

E.A.EOMANOYSKY. C.P.TIMUSHEV. 

Up to the present data on the inelastic scattering of deuterons by atomic nuc^ 
lei at 5 < E^j < 15 Mev are scarce and incomplete. 

There is still no unambiguous theoretical explanation of these data. In the 
Eo5 Mev range experimental data on inelastic scattering of deuterons are almost 
completely lacking. This paper presents the results of experimental and theoreti- 
cal investigation of inelastic scattering of deuterons with E^ < 5 Mev from a se- 
ries of light nuclei (Li’’’, P^®, Na®®, Mg®^, Al®’’’). 

The deuterons were accelerated on the 73-cm cyclotron. Groups of inelastical— 
ly scattered deuterons have been analyzed using an analyzing magnet with high 
luminosity and ^od resolution power, which made possible an exact detennination 
of their energies. 

Differential cross sections of elastic and inelastic scattering of deuterons 
have been determined fbr = 91®. 

The differential cross section of 0.475 Mev level of Li bombarded by deute- 
rons with E^ = 4.54 Mev is 35 mb/sterad.' When bombarding P*-» by deuterons with 
energies 4. 49 and 4. 05 Mev groups of deuterons were detected, corresponding to 
P^® levels: 0.197; 1.355; L410; L 558 Mev with (Ea = 4.49 Mev) equal 
to: 16; 2; 2; 8.6 mb/sterad. respectively. For 0.^9 Mev level of Ha^® 

-d.q o 9 mb/sterad (E^ = 4.48 Mev). The excitation cross sections of 0.843 and 
L013 Mev levels of Al®’' (E^ = 4.49 Mev) are 2 per cent and 3.5 per cent from 


the elastic 
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scattering cross-section. Excitation cross section of L37 Mev level of Mg®^ is 
14 per cent, at = 4. 48 Mev. 

The obtained cross sections of inelastic scattering of deuterons are compared 
with theoretically obtained cross sections and a series of conclusions on relati- 
ve probabilities of different competing mechanisms of the process of inelastic 
scattering are derived. 
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COULOMB EXCITATION OP NUCLEI 
AND PROTON REACTIONS 


THE COULOMB EXCITATION OP NUaEI 


D.G.ALKHASOV, D.S.ASDRSJEV, L.N.GALPE- 
RIE, A.P.ORISBERG, G.M.GUSISSKI, 
K.I.JEROKBISA, I. KS. LEMBERG 


1. Investigation of the Coulomb excitation of nuclei by cyclotron accelerated nit- 
rogen ions. 

The ratio -of cross-section values for the Coulomb excitation of nuclear levels by 
heavy ions and protons was calculated. In some oases the use of heavy ions for the 
Coulomb excitation has advantages over the use of protons and alpha-particles. This 
was checked experimentally by using triply charged nitrogen ions accelerated in a 
cyclotron to 15.6 Mev The current on the external target was equal to 0.2 - 0.5 nA. 
The gamma-radiation was investigated with a scintillation spectrometer connected to 
a 50-channel pulse height analyzer. Nuclear levels were excited in 19 elements. The 
highest energy of excited levels was equal to *'600 kev. 

Data obtained confirmed the preliminary calculations. The relative value of the 
X-ray backgrotuid was found to be considerably lower than when working with protons., 
Pbr all the nuclei with Z 59, lines that could be ascribed to nuclear reactions were 
not discovered in spectra. 

It was further shown that the values of the reduced probability of transition, 
B(E2), obtained by us are in good agreement within experimental errors with the values 
obtained by other authors with protons and alpha-paurticles. 

During the investigation of the Coulomb excitation by nitrogen iOns with an energy 
of 25.4 Mev., for the majority of elements we have observed lines with E ef 1.3 -1.8 Mev 
and 2.3 Mev. Preliminary considerations about the nature of these lines are given. 
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2, Investigation of Coulomb excitation of nuclei by cyclotron accelerated alpha- 
particles. 

a) The Coulomb excitation of separated tin isotopes. 

For the excitation of nuclear levels of tin alpha-particles with energies from 10. 2 
to 14.5 Mev were used. Separated isotopes of tin in the form of metallic samples were 
used as targets. 

The results of investigation of even-even tin isotopes are given in table I. Here 
AE = the energy of the first excited level according to our data, AE* = the energy 
according to data known from investigations of beta-decay or the (n,n') reaction, 
B(E2) = the experimental value of the reduced probability of the electric quadrupole 
transition from the ground to the first excited level, t = life time of the first 
excited level calculated from the experimental values of B(E2) obtained by us. 

In the bombardment of Sn^^’’, lines with E = 0.162, 0.865 and 1.03 Mev were found; 
in the bombardment of Sn^^®, a line with E = 0.907 Mev. With Sn^^® we have not disco- 
vered any lines. 

Table 1 



Ni 

Isotope 

AE, Mev 

AE", Mev 

. lo^e cm4 
ea 

T.lO^a sec. 

1 

Snii® 

1.26 


0.18 

7.0 

2 

Snii4 

1.30 

1.30 

0.20 

5.2 

3 


1.29 

1.27; 1.30 

0. 19 

5.9 

4 

Sniie 

1.22 


0.19 

7.8 

6 

Sniao 

1.18 

1.18; 1.30 

0.17 

10.2 

6 

Sn^aa 

1.15 

1.14 

0;15 

12.7 

7 

Snia4 

1.13 


0. 14 

15.1 


b) The Coulomb excitation of separated nickel isotopes. Alpha-particles accelera- 
ted in the cyclotron to E = 7.2 Mev were used. The results of the investigation are 
given in Table 2. 

T a b 1 e 2 ' 
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c) Preliminary results on the investigation of the Coulomb excitation of Rb®’', 
isotopes of zinc and zirconium by means of alpha-part ides accelerated in the 
cyclotron to E = 7.2 Mev were obtained. 

GAMMA RADIATION PRODUCED IN INELASTIC SCATTERING 
BY INTERMEDIATE WEIGHT NUCLEI 

A. K. If ALTER, I.I.ZALUBOVSil, A.P.iLJV- 
CEARE7, 7.A.LUZIE 

The excitation function and angular distribution of gamma-quanta produced, in 
proton bombardment of different targets has been investigated by means of a scintila- 
tion gamma-spectrometer. 

The proton energy varied within the 1.8-3. 4 Mev range. 

Targets made of chromium, manganese, nickel and germanium natural isotopic mixture 
as well as targets enriched with Pe®^^i Cu®®, Cu®® and Zn®® were used. 

A great number of gamma- lines were observed, some of them for the first time. 

An analysis of gamma transitions for Cu®® enabled us to build a diagramme of lower 
levels for Zn®®, which slightly differs from previously published variants. 

A calculation of the energy of the original state of Cu®® shows that it is satis- 
factorily described by the model of a non-spherical nucleus with a negative deforma- 
tion. 

An attempt has been made to determine the origin of the 503 and 648 kev g 2 unma-li- 
nes and to explain the great level width (1380 kev) of iron - 55. 


ELASTIC CROSS SECTIONS POR 19.8 Mev PROTONS 
XATTERED BY Co®®, Pb®®^, Pb®®®, Bi®®® and U^®® 


R-A.7ANETSIAS, A.P. KLJUCHABEV, 
E.D.FEDCSENKO 

As -source of protons a linear accelerator was used and a beam of protons then 
obtained was biassed and then collimated. Targets consisting of thin foils were 
placed id'the scattering chamber and the scattered protons were registered by a 
photomultiplier provided with a Nal(Tl) crystal. 

The differential cross section for all of the nuclei observed was measured within 
the angle interval of 20® - 160® with an accuracy of ~ i&jt,. 

The following results were obtained for Co: the differential crossasection has 
two sharp minima of 720® and 117® and two maxima at 87® and 150® respectively. 

The dependence of cross- sections on angles for Pb®®^ and Pb®®® is analogous but 
the location of minima and maxima is slightly displaced toward lesser angles. In 
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the differential cross section tor the maximum in the interval of 70® - 80® did 
not manifest itself sharply and the location of the other maximum and minimum is 
still more displaced toward lesser angles than for Pbr U®®® the differential 

cross- section was found to be strongly smoothed and it did not show sharp maxima 
except for angles of 70® - 80® where smoothed maximum was observed. 


INVESTIGATION, OP VRADIATION PROM THE Si®®(p,Y)P®^ REACTION 

S.P.TZTTEO, P.M.TUTAKIK, V.J. GONCHAR, 
A.N.LWOV, A.K. WALTER, J.P.ANTUFJEV, 
E.G.KOPANETZ 




The Si®®(p,Y)P^^ reaction and y-radiation from excited states of P®^ has been 
studied. The differential and integral excitation functions, the spectra and the 
angular distributions of y-rays as well as the absolute values of the reaction 
yields for some resonances have been measured. 

The resonances at Ep = 500; 619.5; 688; 675 ; 757; 773; 832.5; 939; 956.5 ; 975.5 
and 979.5 kev have been observed, using protons, accelerated in the electrostatic 
accelerator, and thin targets (5-10 ng/cm®) of the magnetically separated isotope 
Si®®, as well as thick targets from natural mixture of silicon isotopes. 

The obtained results for the excitation function and the absolute values of the 
reaction yields are tabulated below (Table 1) 

Table 1. 


Ep 

(kev) 

W 

(Mev) 

J 

Y.IO^® 

500 

7.774 

- 

' — 

619.5 

7.890 

0.90 

7.1 

668 

7.937 

0.10 

- 

675 

7.943 

0.05 

- 

757 

8.023 

0.10 

- ' 

773 

8.038 

0.32 

2.9 

832.5 

8.086 

0.12 

\ - 

938 

8.199 

0.45 

3.3 

956.5 

8.216 

0.10 

- 

975.5 

8.224 

0.25 

- 

979.5 

8.237 

0.46 

3.3 
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where Ep = the proton energy, ff = the energy of the excited level, J = the relative 
intensity, y = the absolute yield. 

The Trray spectra were measured using scintillation spectrometer with a CsI(Te) 
crystal 3x2 cm, a photomultiplier and a 50-channel pulse height analyzer with a 
mercury-delay line as " a memory". 

The angular distributions of the most intensive irlines corresponding to a direct 
transitions to the ground state have been measured at all values of the resonances, 
as well as the angular distributions of irlines at 1.26 and 6.5 Mev associated with 
a cascade transition from 7. 774 Mev excited level to 1.26 Mev level. 

The obtained angular distributions may be expressed in the form: f(e)= 1 + cos^e. 

Spin values for high excited levels of the nucleus have been derived from the 
angular distributions. The values of the coefficient "a" and of the spins are present 
ed in table 2. 

Low energy y-lines presumably corresponding to lower levels of the nucleus 

with excitation energies: (0.43), 1.26; 2.23; (2.7), 3.5; 4.0 Mev, etc. have likewise 
been observed. 


Table 2. 



THE SCATTERING OP FAST PROTONS W NONSPHERICAL NUaEI 


S.I.DROSDOV 

The scattering of fast protons by nonspherical nuclei is considered assuming 
the proton energy to be large as compared with the Coulomb barrier energy. The black 
nucleus model and the adiabatic approximation are likewise used, i.e. the proton mo- 
tion is assumed to be fast in comparison with the rotation and vibration of the nuc- 
leus. In the present case the evaluation of scattering cross sections is reduced to 
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the evaluation of the scattering amplitude for a fixed nucleus, the amplitude being 
represented by the sum of the diffractional part and the amplitude of the scattering 
in the electric field of the nucleus. Both parts of the amplitude are calculated on 
the assumption that the form of nucleus closely approximates a sphere. For nuclei 
possessing vibrational levels the angular distribution of elastically scattered pro- 
tons coincides with that for scattering by spherical nuclei. For nuclei possessing 
rotational levels the angular distribution of elastically scattered protons essenti- 
ally depends on the degree of nonsphericity of the nucleus. 
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PHOTONOCLEAR REACTIONS 


INVESTIGATION OP THE (yp) REACTION ON INTERMEDIATE 
HEIGHT NUaEI 


Ji.Sh. AMIROV, V.V.AKISDIMOV, R.M.OSOKISA, 
B-S.RATMER 

Targets enriched with isotopes and Cu®® were irradiated on the 30-Mev syn- 
chrotron. The energy and angular distributions of photoprotons were measured at se- 
veral values of the maximum bremsstrahlung energy. 

The results are discussed and compared with different models of nuclear reactions. 


PHOTODISINTEGEATION OP LIGHT ELEMENTS 

stA.B.JOBASSSOM, B.FORKMAM 


Nitrogen, oxygen and fluorine have been bombarded with bremsstrahlung at various 
energies." The emitted protons were recorded by nuclear emulsions. The resulting pro- 
ton spectra exhibit well resolved peaks corresponding to resonances in the photon 
absorption process. If the maximum bremsstrahlung energy is set fairly close to the 
threshold, only a limited number of levels are excited and the proton groins are well 
resolved. When the maximum enorgy is increased, the proton spectra become more complex 
but knowing the lower resonances one can oadculate the contribution from the lower 
resonances and subtract. In this way it is possible to resolve the proton spectra 
step by step fay using different bombarding energies. The width of the peaks atilpplies 
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some information about the character of tie photon. absorption. For the strongest 
peaks one can plot angular distributions which furnish additional information about 
the resonances. In the case of oxygen the experimental results can be Compared with 
recent calculations by Elliott and Flowers. The agreement is excellent. 


ANGULAR AND ENERGY DISTRIBUTION OP PHOTO-NEUTRONS 


L.E.hkZAMVA, G. E. ZATZEPIM, V.V.IGOEIE, 
A. I. LEPEsnn 



Samples of Bi, Au and Ta were irradiated with X-r&ys of maximum energy EL =14 Mev 
and E^, = 18.9 Mev. 

The energy- distributions of photoneutrons were measured for angles of 30®, 45®, 
90®, 135® and 150* to the X-ray beam. 

The energy distribution from Au, Bi and Ta shows an excess of high-energy neutrons 
of ~ 10* compared to the spectrum expected from statistical theory. 

• The excess of high-energy neutrons was observed at E^ = 18.9 Mev as well as at 
^max = Mev. 

'This shows tl 
giant resonance. 

These results are in agreement with data of other authors who measured angular 

distribution for photoneutrons from Bi with energy > 3 Mev by the threshold detector 
metnod. 


he process of direct interaction takes place in the region of the 


The angular distributions of photoneutrons from Bi, Au and Ta are different. The 

highest anisotropy is found for Bi. The results are compared with Wilkinson's cal- 
culations. 


LOW ENERGY GAMMA-RAYS IN THE E4®(p,aY)(^® REACTION 

S. A. E. JOHANSSON, H^MORINAGA 


The gamma-ray spectrum resulting from proton bombardment of fluorine has been ca- 
refully investigjted in order to find gamma-transitions between the first four exci- 
ted states in 0i«. The transition between' the 6.91 Mev and the 6.14 Mev states was 
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found. Upper limits were set for the other three possible transitions. These values 
furnish information about the strength of. the isotopic spin selection rules. 


PHOTODISINTEGRATION OP HELIUM 

A. N, GORBUNOV and V.M. SPIRIDONOV 

Protodisintegration of helium was studied with a cloud-chamber located in' the 
magnetic field and operating in the bremsstrahlung beam of the synchrotron of the 
Lebedev Physical Institute. 

At 170 Mev maximum energy about 10 000 pictures were obtained. The number of pho- 
todisintegrations in helium registered on these pictures is shown below: 


He4(Yp)H3 

2836 

He4(Yn)He3 

2684 

He'^(Ypn)D+He'^(Y^2p,2n) . . 

547 

He4(Y,2d) ' . . . 

< 59 


The cross sections and angular distributions for yP. y® rpnd reactions have 
been measured. The results show that 

1) the electrical dipole absorption of the photons makes the principal contribu- 
tion to the cross section for yP and yh reactions at energies below 30 Mev. At ener- 
gies above 30 Mev the electrical quadrupole absorptioji of photons leads to a strong 
forward asymmetry in the. angular distribution of protons for the yP reaction in the 
center-of-mass system. For the ys reaction this asymmetry relative io,90° c.m. is 
absent within the experimental errors, the angular distribution below and above 

30 Mev remaining close to sin^eo.m, 

2) the angular distributions of protons and neutrons for the He^(Y,pn)D reaction 

are similar to angular distributions of particles from the photodisintegration of 
deuteron. This shows that the twp-nucleon mechanism plays an.appreciable role in the 
photon absorption at energies above 30 Mev; ^ 

3) . from the experimental cross sections for yP» Yn and rpnd reactions the integral 
cross section for the photon absorption by the helium nucleus has been calculated. The 
obtained value = /a(<i))d» = 100 ±7 Mev-mbn is in satisfactory agreement with the 
sum rule calculations for electrical dipole absorption. The experimental value 

a (w) 

J — dw = 2. 4 ±0.15 mbn leads to the nuclear radius parameter rj^=(i.l3±o.G4)^fiO~^^Gm| 

which is in good agreement with the value r^ obtained from the electron scattering i 

• 1 

experiments in helium: , 

. -3»- 'I 
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4) the approximate equality of yields of the He^(>p)H® and He^(Yn)He^ reactions 

(IS = 0.95 ±0.04) and the low yield of the He^(Yd)d reaction 1 0.02) are in 
YP YP 

^ood agreement with the predictions of the charge-independence hypothesis. 


PHOTODISINTEGRATION OP NUaEI BY GAMMA - RADIATION PROM LENINGRAD 
SYNCHROTRON AT 60 - 90 Mev 


E. B. BAZHANOW, j.p.jawor, A.P. EOMAR, 

L.A. KVLTSBITZKY, E. D. MACHEOWSKY, 

W. P. TSHIZHOfi and J. M. VOLEOH. 

In the last few years the research staff of the X-and y-ray Laboratory of the 
Physical-Technical Institute of the USSR Academy of Sciences investigated photonuclear 
reactions with the following apparatus: 

a) fast overcompression cloud chamber; 

b) scintillation telescopes; 

c) ionization chambers; 

d) chambers with nuclear plates. 

The following results were obtained: 

a) The angular distributions of 2 to 10 Mev protons from argon and of 1 to 15 Mev 
protons from neon. 

App:.ratus: fast overcompression cloud chamber. 

b) The energy and angular distributions of 15 to 65 Mev protons from Be, Al, Ni 
and Au in the laboratory system. Apparatus: scintillation telescopes. 

c) The ratios of photodeuteron yield to the yield of photoprotons from Au for 

®Yinax ■ Apparatus: chamber with nuclear plates and scintillation telescopes. 

The angular distribution of photoprotons from neon may be described by a formula 
of the type: 

a + b sin^ e , 

where | = 2.5, i.e. they have a maximum of angular distribution at e = 90“. 

The maximum of the angular distribution of protons from argon is shifted to the 
70* region. The shift is due to the interference of dipole and quadrille absorption 
of Y-rays. 

The maximum of angular distribution of 15 to 65 Mev protons from Ni and Al 
is shifted towards small angles with increasing proton energy*. The angular distribu- 
tions of 30 to 65 Mev protons exhibits a maximum at angles < 45*. There is no simple 
explanation of this fact. 
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Tbe energy distribution curves for 15 to 65 Mev protons from Be, Al, Ni and Au, 
and for 15 to 65 Mev deuterons from Be show sharp breaks when plotted in log-log ’ 

scale. The break in the proton spectrum is in accordance with the deuteron model of 
Levinger. 

The sharp break in the deuteron spectrum seems to be in accordance with the 
a particle model of y-ray absorption. 

Investigations of d-d, p-p and p-n coincidences are in progress. 


PHOTODISINTEGRATION OP DEUTERON AT 50-150 Mev 

n. A. ALEXANDROV, N.B.DEL0NE; L.I.SLOVOHO- 
TOV, G. A. SOKOL, L.N,SHTARKOV 

The reaction of deuteron photodisintegration has been investigated at the 265-Mev 
synchrotron of the P.N. Lebedev Physical Institute, USSR Academy of Sciences. Protons 
from DgO and HgO targets have been detected by a two-counter telescope. 

The differential cross section has been measured for six points of photon ener- 
gies from 50 to 150 Mev and for seven points of angles from 22. 5 to 157. 5 degrees in 
the laboratory system. The obtained values of cross sections in the center of mass 
system are listed in Table 1. Energy uncertainty is about ±7.6 Mev. Standart statis- 
tic errors are about 10?6. The systematic uncertainty of the absolute cross section 
value '^is about 15^. 


Table 1. 


Photon 








energies, 

Mev 

Angles and differential cross 

section. 

(ibarn/ sterad. 



54 

25* 

50* 

74* 

97* 

118* 

139* 

160* 

6.0 

11.2 

13.3 

- 

9.1 

5.7 

3.7 

70 

26* 

51* 

75* 

CD 

OD 

o 

119“ 

140* 

160* 

5.5 

11.1 

10.8 

- . 

6.8 

4.1 

3.0 

88 

27* 

52* 

76* 

99® 

120* 

140* 

160* 


7.0 

9.8 

9.0 

6.1 

6.6 

3.5 

5.2 

110 

27* 

53* 

77* 

100* 

121* 

141* 

161* 

6.7 

8.i 

7.7 

5.7 

4.6 

4.0 

2.8 

129 

27* 

54* 

78* 

100* 

l22* 



7.3 

5.8 

4.9 

4.9 

4.7 

3.6 

2.9 

148 

28* 

54* 

79* 

101* 

122* 

142* 

161* 

6.2 

6.9 

5.6 

5.4 

5.3 

3.4 

4.3 
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The angle distributions in the center of mass system are in satisfactory agreement 

Ci(T dcx dff 

with the form ^ = (-^) +P + Q-cos 0, where (;55) is the differential cross sec- 

^ ^ M.a. ^ M.a. 

tion obtained by Marshall and 6uth, P and Q are approximation parameters* The values 

of parameters obtained by the least square method are listed in table 2. The value 4«*P 

is the total cross section of transitions leading to isotropic angle distribution* 

is the value of the total cross section of photodisintegration calculated from the 

equation = (a+) + 471 ‘P* 

^ ^ M.a. 


Table. 2* 


Photon 

energies, 

Mev 

P 

»kbarn/ ster. 

Q 

f barn/ ster. 

4n*P 

l«barn 

(ibarn 

H>,barn 

54 

1.30 

-0.76 

16.3 

129.1 

5.1 

70 

2.72 

0.92 

34.2 

105.2 

3.6 

88 

3.50 

0.81 

44.2 

89.5 

4.6 

110 

3.80 

1.11 

47.8 

77.2 

3.5 

129 

3.27 

0.42 

41.1 

61.9 

3.6 

148 

4.27 

1.00 

53.7 

69.1 

4.1 


Interpretation of data is based on Marshall and Guth's calculations and on Wilson's 
idea about photodisintegration by meson production and reabsorption. Calculated va- 
lues of the total cross section of multipole transitions are in reasonable agreement 
with Wilson's results and Nagahara and Pudsimura's calculations. 


SOME PHOTOREACTIONS ON LIGHT NUaEI 

y-S. MAIKOV 


A number of reactions on N^^ and 0^® nuclei, produced in photoemulsions by 
Bremsstrahlung spectrum with maximum energies of 150 Mev and 250 Mev are investigated. 
1» C^^(Y>3a) and C^®(y. 4«) reactions 

340 events of oxygen nucleus disintegration and 100 events of hydrogen disintegra- 
tion have been observed. The dependence of the reaction cross section on the v-ray 
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17 > « determined. No events have been found in which the photon energy exceed- 

ed 50 Mev. The sharp decrease in the reaction cross .section in the 35 Mev energy 
range Bay possibly be connected with the competition of (r,pa) reactions on and 


Ci^^(Y>Pa). N^^C y^paj and O^^(Y.t)a) reactions 


473, 209 and 316 stars have been found corresponding to the three above reactions 
respectively. Dependence of cross sections on y-ray energy, angular and energy distri- 
butions of disintegration products have been obtained. The analysis of experimental 

distribution between the reaction pro- 

a) the interactions of y-rays with carbon and oxygen nuclei leading to {he above 
reactions are apparently of the same nature; 

b) the absorption of photons by nuclei varies with the increase of y-ray energy 

-..I'trilln rf!” Pboton is dl.trlbufa; 

so that the ener® distribution of par- 

Of view of simultaneous disintegration into three non-interacting particles: 

rinn ®y ^ ‘^^v, protons are energetically favoured in compa- 

7 T -I 7 ^ tde available ener- 

& o \ -^i,ound' The interaction of the photon with the nuclei is apparently local 
(dir^t^pbotoetfect). The toraatio. oi an interaediate „uole» in tbe'taaoti™ trtot 

Cj^^(YaP a)2a reaction 

Preli^nary results have been obtained. The integral cross section of the reaction 
tetween 30 and 80 Mev is 5 mb/Mev. The energy distributions of protons and tritons 
have maxima near 4 Mev and 3 Mev respectively* The angular distribution of protons 
shows a small isotropic part and a forward shift of maximum from 90°. The investigated 
r^ions play an important part in photosUr production. Thus, the cross sections 
of (y,p»)Li and Cda(Y,pt)2« reactions in the 30-80 Mev energy range contribute 
80 per cent of the total photostar production. 

ON THE WIDTH OP THE GIANT RESONANCE IN PhOTONUaEAR 
REACTIONS 

S.A.E.JOHANSSOH 

The ^ape of the giant resonance in photonuclear reactions will be discussed in ’ 
terms of various models. The available experimental material is reviewed. It is shown 
in what cases the measured cross section curves give the shape of the tothl cross 
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section curve for photon absorption. It turns out that there exists a good correla— 
tion between the width of the ^iant resonance and the shape' of the nucleus. Deformed 
nuclei have a considerably broader resonance than other ones. This fact is easiUt 
to explain by the collective model for photonuclear reactions. \ 


ON THE MECHANISM OP GIANT RESONANCE 


V, V. DARAGAH, Tu. M. SSIROKOV 


A two-nucleon model is sugfjested for the explahation of the Giant Resonance in the 
photo-nuclear reactions. According to the model, the photon is absorbed by two mu- 
tually interacting nucleons. The existence of this interaction in the giant resonance 
energy interval is indicated by the occurrence of the direct nucleon-nucleon interac- 
tion in this region. The moael agrees with the principal experimental data on the 
giant resonance. Particularly, it leads to the correct position of the resonance ma- 
ximum. Our considerations include the one-nucleor. model suggested by Wilkinson, which 
also contributes to the absorption cross section but plays an im^rtant role in the 
energy region below the giant resonance. Therefore if the one-nucleon maximum is 
above the photo nucleon threshold the absorption cross section must possess in gene- 
ral two dipole maxima. The existence of the two maxima has been observed in the exoe- 
riments on and N^^ 


INTERACTION OP PHOTONS WITH POLARIZED NUaEI 

A.M.BALDIV 

In the numerous former investigations of interaction of photons with nuclei the 
influence of nuclear spin on this interaction was not considered. It may be shown 
that nuclear spin can play an essential role in such processes. 

The general expression for the electric dipole scattering amplitude has the form: 

S = * Si'(x'f)fxf) + Sgdr') , 

where the x and x = polarization vectors of the incoming and outgoing pnotons respec- 
tively, I = operator of nuclear spin, and Sg = parameters independent of X and 
scattering angles. 
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As follows from calculations the angular distribution of the scattered photons con- 
tains terms of the type (l-sin^e cos^vp), where e= scattering angle, 9 =asimuthal 
scattering angle at 4 0. The value of such terms is dependent on the relationship 
between Sj and Sg and on magnitude of nuclear spin. 

Tne cross section of ai^ photonuclear reaction on nuclei with large spins is de- 
pendent on orientation of the spin with respect to the direction of the photon beam. 

The magnitude of the above mentioned effects (the relationship between parameters 
such as Sj and Sg) depends to a high degree on the accepted model. The comparison of- 
experimental data with results of calculations with different models can help in un- 
derstanding the mechanism of interaction of electromagnetic field with nuclei and 
the nature of nuclear spin. 


PHOTONUaEAR REACTIONS 


D.H.HLKINSOH 

A brief survey is presented of the chief facts of nuclear photodisintegration 
especially in the region of the fiant resonance (E^ < 30 Mev). The systematics of 
the various processes are sketched and related to other parameters that characteri- 
ze the nuclear system. 

The two chief models so far adduced to account for the phenomena - the model of 
nuclear polarization and the shell model - are described with particular reference 
to refinements recently introduced into each. Recent attempts to reconcile the ap- 
parently conflicting physical pictures lying behind these two models are described 
and their possible equivalence is indicated. 

Experiments in which detailed comparison appearc possible with one or other mo- 
del (in the light elements for the shell model and in the heavy elements for the 
collective model) are reported. A qualitative account is given of certain aspects 
of the photonuclear process at slightly higher energies. 


INTERPRETATION OP THE GIANT RESONANCE 
PHENOMENON IN THE PHOTODISINTEGRATION OP 0^® 

B. H.PLOBERS 

A shell model calculation has been performed for the odd parity states of 0^® 
which arise from the almost degenerate configurations p'^s and p~^d. In terms of 
these states a natural explanation can be given of the giant resonance, of. its fine 
structure, and of the associated nucleon emission characteristics, all of which lend 
strong support to Wilkinson’s picture of the giant, resonance phenomenon. 
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NUCLEAR REACTIONS INDUCED 
BY HEAVY IONS 


NUCLEAR REACTIONS INDUCED BY HEAVY IONS 


G. S.FLER07 


It follows from experimental data that in the interaction of heavy ions with 
nuclei the formation of excited compound nuclei plays a predominant role, the excita- 
tion energy reaching several hundred Uev. The production of such highly excited nuclei 
by any other method is impossible. 

The characteristic feature of the reactions induced by heavy ions is that com- 
pound nuclei receive a large angular momentum. The investigation of highly excited 
nuclei with large angular momenta is one of a whole series of investigations using 
heavy ions. 

The interaction of heavy ions with nuclei gives rise to an exchange of nucleons 
or complexes of nucleons between interacting nuclei. 

These processes proceed at the periphery of the nucleus and their investigation 
may furnish information on the surface structure of the nucleus. In addition to the 
above mentioned lines of investigation, heavy ions may be used for the production of 
new isomers (both by Coulomb excitation and by means of compound nuclei formation), 
new isotopes and elements. Recently the interaction of heavy ions with different nuc- 
lei has been investigated in several laboratories, the greater part of these investi- 
gations being devoted to the solution of the problem wether the formation of rvYmpr»,nd 
nuclei is the principal process in the reactions induced by heavy ions. 

The process of nucleon exchange has been investigated and some new isotopes and 
elements produced. The greater part of this work has been performed using a beam 
of nonmonoenergetic ions. 
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Intensive beams of monoenergetic carbon, nitrogen and oxygen ions with energies 
upwards of 100 Mev were obtained in 1956. It has made possible a series of new inves- 
tigations, from which a sufficiently complete idea about the character of the nuclear 
reactions induced by heavy ions may be derived. 

It may be assumed that the formation of compound nucleus is the predominant pro- 
cess in the reactions with heavy ions- 

Heavy nuclei are characterized by evaporation of neutrons and fission. For light 
and intermediate nuclei the emission of a number of charged particles, besides neut- 
rons, has been observed. 


INTERACTION BETWEEN NITROGEN IONS AND HEAVY 
ELEMENT NUCLEI 


S.A.BARABOSBKIN, V.A.DRDIB, a. S.K ARA- 
BIAN, S.M.POLIKANOV, G.N.PLEROV 


The monoenergetic 115-Mev beam of nitrogen ions N^| from the cyclotron of the Ato- 
mic Energy Institute, USSR Academy of Sciences, has been used to investigate the de- 
pendence of the cross sections on nitrogen energy for Au (N, 4n), Au(N,5n), Au(N,6n) 
reactions. 

In accordance with the theory of competitive processes curves with pronounced 
peaks have been obtained. 

The measured Au(N,4n), Au(N,5n), Au(N,6n) excitation functions have been compared 
to the excitation functions predicted by the compound nucleus theory. The excitation 
functions from this experiment are displaced in energy by 10-15 Mev which is not pre- 
dicted by the theory. 

It is possible that the observed energy shift may be explained by a very high an- 
gular momentum imparted to the heavy compound nucleus by the 100 Mev N^^ nucleus. 

Experiments in fission of U^^®, U®®®, Bi, Au and Re induced by accelerated nitro- 
gen ions are likewise described. The measurements have been conducted with an ioniza- 
tion chamber. 

The dependence of the fission cross sections for these nuclei on the nitrogen ion 
energy has been studied in the energy range from 70 to 110 Jlev. The obtained re- 
sults are analyzed from the viewpoint of the influence of the Z and A parameters and 
the excitation energy on fission probability. 
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STRIPPING REACTION PRODUCED BY ACCELERATED 
IONS Ni4 on SOME NUCLEI 

7. V. VOLKOV, A.S.PASIDK, G.K.FLEROV 

The formation of a radioactive isotope Ni 3 has been observed due to stripping 
reaction under bombardment of thin Al, Ni, Cu, Ag, Co, Sn and Pt foils by nitrogen 
ions NjI (E ~ 100 Mev) from the cyclotron of the Atomic Energy Institute , USSR Aca- 
demy of Sciences. The angular distribution of is characterized by narrow inter- 
val angles of particle emission (20® -30®). For the incident energy of about 
60 Mev an intensity maximum of Nj^g for Al at about 10®, for Ni-at 30®, for Sn and 
Ag-at 60® has been observed. The cross section of N^g formation for Al and Ni has 
been measured in the energy range from 30 Mev to 105 Mev. The cross section varies 
but slightly at energies higher than the Coulomb barrier and is 10 mb for Al and 
30 mb for Ni in this range. 


MASS DISTRIBUTION OP FISSION PRACafflNTS 
FORMED BY NITROGEN IONS ON GOLD AND URANIUM NUaEI 


K.I.TARAKTIN, Ju.B.GERLIT, L. I. GUSEVA, 

b.e.miJ^oewv, k.v. Filippova: o.s.flerov 


In the present paper the mass spectrum of fission products formed on irradiation 
of 30 thick gold and uranium targets yiith 115 Mev N^^ ions has been investigated. 
Fourteen different elements have been chemically separated from the irradiated tar- 
gets. The isolated radioisotopes have been identified by the half-life, beta-energy 
and the sign.of the beta-particle charge. 

Mass distribution of fission fragments from the gold target irradiated with nitro- 
gen ions is represented by a single curve with a broad maximum. The width of the 
curve at half-maximum is about 20 mass units. The maximum of the curve corresponds 
to A ~ 100. 

Iteiss spectrum of fission fraigments formed on irradiation of uranium with nitrogen 
ions is found to be considerably more narrow. The width of the curve at half-maximum 
contains more than 50 mass units. 
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THE FISSION BARRIER OP ROTATING NUaEI 


G.A.PICK-PICBACK 


The influence of nuclear rotation on the fission barrier height is calculated 
using the nuclear drop model. This influence is connected with the moment of inertia 
change due to deformation. For large angular momentum > 50 h (such nuclei are formed 
by the capture of heavy ions by atomic nuclei) the rotation essentially influences 
the fission barrier height. The nucleus becomes unstable owing to fission for a cri- 
tical value of the angular momentum. The dependence of mass distributioh of fragments 
on the momentum is slight. 


STATISTICAL THEORY OP ANGULAR DISTRIBUTION 
OP FISSION FRAGMENTS 


V.M.STRUTINSiY 

The angular distribution of fission fragments is considered in case when the an- 
gular moment of compound system is distributed among a large number of nucleons and 
one can describe nucleus with statistical model approximation. The distribution of K 
values (where K is the projection of angular moment oftransition^ nucleus in the 
direction of the symmetry axis) is calculated. The state with K..0 turns out to be 
the most probable one which gives maxima in esO, n directions for fission fragment 
angular distribution in nucleon - induced fission and in direction in case of 
photofission. The comparison with experimental data allows to determine the value of 
the moment of inertia in relation to symmetry axis. Fong's theory of assymmetrical 
fission is discussed from the point of view of .angular distribution of fragments. 
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NUCLEAR MODELS 


THE OPTICAL MODEL OP THE NUaEUS 

P.E.NBMIROVSEI 

The up-to-date state of the theory of neutron interaction wi t.h nuclei at low and 
intermediate energies is analyzed. The processes at very low energies are discussed, 
the strength function and potential scattering data are compared with theory. 

The total cross sections and angular distributions are considered in the usual 
scheme, and also taking account of the spin - orbit forces. : It is shown that addi- 
tion of the spin - orbit interaction makes the agreement with experiment better.: For 
400 kev oeutrons the theory is compared with polarization experiments. For higher 
energies the estimation of polarization is made. 

The variation of optical parameters (the well depth, the absorption factor) with 
energy is discussed. 

For 14-20 Mev neutron energies several theoretical papers dealing with experi- 
mental data are critically discussed. 

Finally, some considerations about the relation between optical potential and 
shell model - potential are eidvanced. 

Time 40 minutes. 


INTERACTION OP SLOW NEUTRONS WITH SPHERICAL AMD 
ELONGATED NUCLEI 


V. V. VLADIMIRSKY 


The paper reports on the results of calculations of slow neutron interaction with 
elongated nuclei, according to the cloudy crystal model of the nucleus, carried out 
by V. V. Vladimirsky and by I. L. Ilyina, and on interaction of slow neutrons with nuclei. 
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u reviewed bf V.V.yiadimirsky, 1. A. Radkevich, V. V. Sokolovsky and A. A. Panov. The solu- 
ion of the problem of neutron motion in a complex potential well for an elongated 
nucleus has shown that the position and the shape of the giant neutron absorption re- 
so^oes, deeding on the atomic number, changes appreciably in the transition from 
sime cal to elongated nuclei. This enables one to explain qualitatively the washed 
OTt character of the giant resonance near A-150 without recourse to an increase of 
the imaginary part of the complex potential. 


TOTAL NEUTRON CROSS SECTIONS AT 1-14 Mev 
ACCORDING TO THE OPTICAL MODEL OP THE NUCLEUS 

B.V.IFOPIN 


Total neutron cross sections in the 1-14 Mev range for Pe, Sn, Pb nuclei have 
been calculated according to the optical model of the nucleus with potential in the 
fora of a rectangular well. 

A good agreoitent with experimental data has been obtained for the three nuclei 
belonging to three different regions of the periodic table. 


OPTICAL MODEL OP NUCLEONS - NUCLEI INTERACTION 
IN THE RESONANCE REGION OP THE COMPOUND NUaEUS 

7.M.M3SAB07IOB, A.S.DAFTCOV 


The energy depoidenoe of the real and Imaginary parts of the effeotive ^tential 
of the opUoal model is investigated taking into account all states of the compound 
nnoleas. It is shown that only the real part of the effeotive potential of the opti- 
oal model is the smootit fimoUon of the neutron energy in the resonance regior of 
the oompound nuoleus. 

In the oomputnUon of the imaginary part of the effective potential the deviation 
ftpom the potential of the optical model was considered as a perturbation leading to 
the ooiqiound nuoleus formation. Interpretation is given for the broad resonances in 
the interaction between neutrons and nuclei. 
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Contrary to the theory of Lane, Thomas and Wigner, it is shown that the imaginary 
part of the potential in the resonance region is considerably smadler than the root 
square of the second moment and essentially depends on the level density of the com- 
pound nucleus. This result coincides with those of Bloch. 

A METHOD FOR LIC5HT NUaEI LEVELS CALCULATION 

TU.M.SHimOY, \E.A,TnMANOV:\ l/.W. BALASHOV, 

O.F.DOROFBIEV, N.N.KALITKIN,A.K.EAMINSKT, 

in.F.SMJMOV, - 

A method for deriving ground and first excited energy levels and wave functions 
of light nuclei is suggested. Charge-independent nucleon-nucleon interaction is as- 
sumed, many-body forces being neglected. The Coulomb energies. are taken into consi- 
deration separately. In contra distinction to the usual procedure a form of two-body 
interaction hamiltonian is not preset. The matrix elements of this hamiltonian ne- 
cessary for the calculation are derived from the experimental values of nuclear 
energy levels. 

The probloB of separation of nucleus centre-mass movement is solved by substrac- 
tion of kinetic energy of the whole nucleus from the complete hamiltonian. It is 
thus possible not to apply Jacoby coordinates using ordinary anti symmetrical func- 
tions. 

A nucleus wave function is given hy resolution into the configurations of harmo- 
nic oscillator states. This resolution is believed to converge rapidly with regard 
to the main quantum number and so it is cut short, all the allowed configurations 
within the taken quantum numbers (lls, IJp - shells for the nuclei to 0) being consi- 
dered. Then the Schrbdinger equations for the different nuclei and levels are formed 
in tills oscillator representation. Matrix elements of the interaction hamiltonian 
can be eiqpressed in terms of two-body configuration matrix elements. There are only 
32 such elements within Is, Ip-states (spin and isobaric spin to be taken into ac- 
count). Owing to the conservation laws for two-body interaction, these 32 elements 
aira no.t independent. One can obtain 16 independent matrix elements by excluding the 
mdv^ent of centre of inertia of two. interacting nucleons by Talmi method. The mat- 
rix elements of Coulomb interaction are calculated in the same way 

Thus for the ground and excited states of light nuclei we have secular equations 
including as unknown variables 16 parameters of nucleon-nucleon interaction. If one 
considers only the states with undestroyed S-shell for nuclei between He^ and 0^® 
three parameters out of sixteen drop out of this equation. The equations include 
also two parameters associated with nuclear dimensions. 

The derived system of equations is solved using computing machine technique. 
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INTEMEDIATE ENERGY NEUTRON SCATTERING 
BY NON-SPHERICAL NUCLEI 

E.v.nopn 


In the work on neutron scattering by non-Spheri cal nuclei examination was carried 
out either in the approximation kR»l, where k is neutron wave-vector and R, tjie nuc- j 
leus radius, i.e. for high energy neutrons or according to the perturbation theory j 
which is probably incorrect in this case. 

The author considers the case of neutrons of intermediate energy of a few Mev. This . 
case is interesting from the point of view of comparison with the experiment. The 
calculations are made in the adiabatic approximation, where the nucleus is consider- 
ed to be at rest during the time of collision. The approximation is valid when 

. kR « 1, : 

where e is the energy of the first excited rotation state, 

Ejj is the energy of the incident neutron. 

In the adiabatic approximation the case is reduced to the problem of the partic- 
le scattering in a given field. 

The latter is considered as constant inside the nucleus which has the rotation 
ellipsoid (spheroidal) form, and as equal to zero outside the nucleus. This problem j 

is solved with the, aid of well-known and partially tabulated spheroidal functions. 

The necessary averaging is performed over the nucleus orientations and expressions I 
for the cross section of the elastic and inelastic scattering are obtained. 

A numerical example is computed showing the effect of non-sphericity of the nuc- 
leus to be considerable. 


Tpa ROLE OP PAIRING INTERACTION ON FORMATION OP DEPOKIED NUCLEI 


B.L.BIRBRAIR AND L.A.‘SM7 



Sanitized Copy Approved for Release 2010/06/01 : CIA-RDP80T00246A044100140001-6 


Sanitized Copy Approved for Release 2010/06/01 : CIA-RDP80T00246A044100140001-6 


The core deformation energy increases quadratically with deformation. That is the 
reason why for every nucleus a minimum energy deformation exists and all nuclei would 
be deformed (Pig.l). 

But we have to take into consideration a new factor: spe- 
cific pairing energy which decreases when we go over from 
spherical to deformed state of nucleus. The shape of pairing 
interaction curve for two nucleons is calculated as perturba- 
tion using a-forces and other short-range forces (Pig. 2). 


The difference AEp can be taken from mass-defect data which 
^ive about 2 Mev for light and 0.5 Mev for heavy nuclei. 

All the three factors taken together create such a situa- 
tion for nuclei between closed shells that nuclei are deform- 
ed only in definite region A]^-A2 between closed shells 
(Pig. 3). 

If we assume for (per one pair) 0.7 Mev in rare-earth 
region and 0.5 Mev for heavy elements we get the correct 
boundaries for deformed nuclei, ffe have also found out that 
deformed states ewe theoretically possible only in three 
(known) regions throughout the periodical table. 




. OOLIiECTIVE EXCITATIONS OP EVEN-EVEN ATOMIC NUCLEI 

A.S.DA7ID07, O.P.FILIPP07 


The problem of collective excitations in an even-even nucleus possessing axial ' 
symmetry is considered without assuming the rotational energy to be much smaller 
than the vibrational energy. 

The energy levels of the. collective excitations and the succession of spins have 
been computed for different parameters of deformation. It is shown that the energy 
of the collective excitations can be represented as the function of only two para- 
meters: ^ and 8 = Po fli 1*® 8>2.5 region the excitation spectrum 


Vib® / 

can be TOpreseuted as a ^stem of rotational-vibrational bands. In the 8<2. 5 region 
the separation of the' excitation energy into rotational energy and vibrational energy 
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is no longer possible. In the 6<0. 4 region the occurrence of peculiar excited states 
of the ’nucleus corresponding to negative quadrupole moments of the excited states 
might be expected. 

Comparison with experiment is given. 


ENERGY LEVELS OP NUaEONS IN A NONSPHERICAL NUaEUS 
ACCORDING TO THE INDEPENDENT PARTiaE MODEL 


D. A. ZAIKIN 

An asymptotic expression is obtained for the energy levels of nucleons in .a 
spheroidal box. The expression is valid for large values of K^f^, where K is the 
wave number of the nucleon and f is half the distance between the ellipsoid foci. 
The results obtained are used to calculate level schemes for nucleons in ellipsoi- 
dal nuclei with axes ratios ranging from 0.6:1 (oblate ellipsoid) to 2:1 (prolate 
ellipsoid). A method for taking into account the finite well depth and spin-orbit 
coupling is proposed. 

ELECTROMAQJETIC TRANSITIONS AND ISOTOPIC SPIN IN THE LIGHT 
NUCLEI 


D.H.HILKINSOS 


The empirical evidence on electromagnetic transitions in the light nuclei 
(A ^ 20) is presented. It is shown that El and Ml transitions' conform closely to 
the prediction of the independent particle model but that E2 transitions are usual- 
ly enhanced and give clear evidence for some sollective motion in the light nuclei. 
The El transitions forbidden by the isotopic spin selection rule are markedly slo- 
wer t f h »^n the allowed transitions but the separation between the two groups is not 
complete. There is an apparent tendency for El ^d Ml transitions of lower energy 
to be relatively faster than those of higher energy but this effect may be spurious. 

The evidence on the purity of isotopic spin states is reviewed. Attempts are ma- 
de to extract quantitative information about the impurities from the data and to 
get so me idea of the Coulomb matrix element responsible for mixing T and T*. 

A strong correlation is observed between and 0^ the reduced width for nucleon 
emission to the ground state of the parent nucleus. Other evidence relating to char- 
ge independence is reviewed and queintitative recommendations are made on all these 
points. 



Sanitized Copy Approved for Release 2010/06/01 : CIA-RDP80T00246A044100140001-6 



EXPERIMENTS WITH POLARIZED NEUTRONS 
AND THE OPTICAL MODEL OP THE NUCLEUS 

H.H.BARSHALL 

The polarization of 380-kev and .980-kev neutrons scattered elastically through 
various angles by intermediate and heavy nuclei was measured. The neutrons, were pro- 
duced in the Li(p,n) reaction and their polarization was determined with an oxygen 
analyzer. The polarization of the neutrons emitted at 50° from the Li(p,n) reaction 
was found to be about 30 percent at neutron energies from 350 to 1200 kev. The pola- 
rization of the neutrons scattered from. the heavy elements varies smoothly .with ato- 
mic weight and reaches a maximum of 20 percent. It is hoped that these results can be 
used for determining the nature of a spin-orbit term in the optical potential, but so 
far no adequate calculations have been performed. 



THE RELATION BETWEEN COLLECTIVE MOTIONS 
AND INDEPENDENT PARTiaE MOTIONS IN NUCLEI 

B.H. FLOWERS 


It is obvious that collective motions can be expressed in terms of sufficiently 
complicated configurational interaction. It has been found possible, however, to'ob- 
tain states having simple rotational properties by means of suitably chosen shell 
model wave functions which employ only the mixing of degenerate configurations im- 
plicit in a three dimensional harmonic, oscillator. Moreover, these states are very 
nearly eigenstates of a short range interaction in the limit of many particles out- 
side of closed shells. A simple physical picture will therefore be offered of the de- 
velopment of rotational spectra from independent particle states. 
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